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(54) SURFACE ACOUSTIC WAVE FILTER 

(57)Abstract: 

PURPOSE: To provide the surface acoustic wave filter with the wider pass band 
and with the higher suppression by adding the inductance in series to a first 
surface acoustic wave resonator. 

CONSTITUTION: A first one terminal surface acoustic wave resonator 21 with the 
prescribed resonance frequency frp is arranged on a parallel arm 22. A second 
one terminal elastic surface wave resonator 23 with resonance frequency fas 
nearly coincident with the inverse resonance frequency frp of the first resonator 
21 is arranged to a serial arm 24. The inductance 25 is serially added to the first 
resonator 21 and arranged to the parallel arm 22. Further, the inductance 25 is 
added to the first surface acoustic wave resonator 21 and the opening length of 
the first surface acoustic wave resonator 21 is set longer than that of the second 
surface acoustic wave resonator 23. Thus, the out-pass band suppression can be 
improved and the pass-band width can be widened. 
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[0041] fit, #**»ffl*e«ii>«fcae>, &m 

BS5 2 - 1 9 0 4 4^CE«SnTV>«J:5k:. ^fffiM 
CO 0 4 2] Ctl£0 6£ffioTI¥b<I893-r-5. j|fj$ 

o«a»iw*^ ! bwe.*^«c«t5icafe5»j*jBagoD f r <t f 

*<LTl»<) . 06 (A) fcjicf«k5K:#«mrttb 
x>10ffi«*tt£*tr). 8*il/T0<bx<lft;5a 

a*««i(i*oT»*m«na< its. £©#^£0 

6 (B) *"©£EPT*-f. 

[0 0 4 3] Ciiifi#«fio%8] Et±©£&J»ftT* 
0*fiS*f*6*t<ft<i:'b-*C!)ftfiSOf ri 

[0 0 4 4] £?\ ®©£#T&3&iIg§<Z) f r, fa 
3. 0 7 (A) , (B) fr-SS^#<i«ffife^^§Hc 

[0 0 4 5] i7 (A) (f. »5 0tt, L&tttia-?2,m 

&©-r->e-y>x4$tt£*-r. 

[0 0 4 6] 0 7 (B) , i&5 2^;iL£tt;!Jr^r-5i^^J©7' 
^ ; $:S'>3 > ^Nrtt£^-r. i5 3H, L£ttir]bfc&©7 

[0 0 4 7] 07 (A) «fcD. LSttJDTSCtlCfco 
T f r i f a ©Wim*j£#oT^4 CCD 

(A) ro<>t?-^>x©Hift»1#tt^6i«6^ c t5 

tr-^>X# + ffl's, ft>L»«W3l±»f6n*tS*, f 
rfr'f r" ^tmtLfZfiLSbT&Z. d ©P# f a i: 



( " #P8¥5 - 1 8 3 3 8 0 

12 

[0 0 4 8] #jK<2>©*#T*4j&t. 7KS^>xitt 
07 (B) ^e>t>BJ6^0«fc-5CLSW*p-r-5C:tT^: 

t</iows. b*>b. -f >e-^>x<itj0 7 

[0 0 4 9] H8<f. i5 5lt -0©#««©-f > If 
— y>7.#tt$-7Kf. ^5 6tt, nfl©&fi§g£j4£ij|;; 

[0 0 5 0] @8IC^fJ;51:, n<HO*«S?S»^-r 

^. — #f atf r ©MtCOHTte. L $rJg^fc'B§<D^ 
^&&©&#0W:f r" t, 1 ®©#Jgg©«£CD f 
20 r' <fcO^HMfc<& L£S&atfcVM$«fc»5 f 
at f r ©M«*#< ttlZ. %L^ST*nHL©t 
Srii^-TCitCckC f at f r ©Mte£ £ lC*£ < & 

[oo5i] mmtt®«®z&±T -a 2 o a ©^©t b 

T. H4 4IC«-r«fc5k:3fe5>Jtt*fiS©S*S«Kftfa 

frs >fap ttSM^iens. 
[0 0 5 2] fib, frs >fap tlti^, 04 4tC^ 
SR-Ti5{Ctf''i>^ifiSifi^-t?bx<0 ti^oT. fliji£© 

[0 0 5 3] L^b, frs -fap =A f tLT A f <D± 

Tab -5. 

[0 0 5 4] I$ffl«^Jg^J 1 1 TftjiB-r*. 
[0 0 5 5] 

[0 0 5 6] 03 (B) fc*Ufc*flB0IStt-Jtf»9|l 

a*. *fi»*«ij«r kips, 

-> a >T-5 C <h tfM b -t £T«W*«etfHlClB» b 
tz t Z. 5 ©7. 5 X ©^fffi0SSSrS*tC Cin^eSlff ?>JT 
3tr:£ffi£ffl^. ^Jigf^fflbfe (0. Ikata et al. : 1 
50 990 ULTRASONIC SYMPOSIUM Proceedings, vol. 1, pp83-8 
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6. (1990. &#hb. cn^xiix (i) t-r*. ) . 

[0 0 5 7] 09 (a) ttMJUtfu-lH^fctWttaiBiB 

To 

[0 0 5 8] EI 9 (B) it. mWilZ. ttmtfA 1 - 2 

%c u> mmtfi 6 o o Aow»*«i«ko&*-jB^*f 

#tt*ffi«#Sg£EU glCCW&Sgglcfi;* 3 mm 
0^>f^>y7-ff (L= 1 . 5nH) SSfttLjtJt 

[0 0 5 9] 119 (A) , (B) SttfeT^tC. ND5 10 
*ftl:J:«*«^ (Hff r, , fr 2 , f r 3 Til 

[0 0 6 0] 0 10 (A) H SJtJtttc^ilSfcKLfc 

Sal/-y 3 >l:H fOSMIiLT, 0. 5pF 

[0061] si o (b) it mpmiz&mmitmmL 
fc*£©3ss»©«*£iR-r. 20 

[0 0 6 2] 010 (A) , (B) £Jt$rf-5fC. 
Kfl&ftfa,. fa,, f a 3 a*HP*fc:tt#l,&lf» 

[0 0 6 3] ^oT. :n5*i*^t&^07-f^ 

[0 0 6 4] C*J£«SJ 1 ] 01 lit ^fgBjolg i HJg 

foes] m mews®*. • m&nm<Df±m.cotj: 30 

*»Tl-30«**»f«i, 9 3 3. 5MHz$W« 
fttLT. ±8. 5MHz©«g|8A^«jfi|igWj|im««{ 
T. *C*^-5 5MHz|nft8 7 8. 5MHz£<f 
'MMtbT, ±8. 5 MHz (Dl&mftS.m&l&t^ 

[0066] ^m&nt. ±ti<D^wim^<Dmmmy 4 

[0 0 6 7 ] it^JM6 1 IC-S^»#tt«®&*^§§R 
2 RtfR„ ^BBLT&a. 40 

[0 0 6 8] M?iJK6 2, 6 3, 6 4IC*-*— Sf»?| 
ttSES&UggR, , R 3 , R 5 ^iHLTa&S. 

[0069] L, , L 2 , L 3 «-T>yi7^>XT* 
0. **&Jgg§R, , R 3 , R s tgE^UTM?iJfil6 
2, 6 3. 6 4ICgBLT&3, 

[0070] &«g§R, ~r s \t. 03 (a) iz^rm 

[0 0 7 1 ] jy-fttti 0 0. BHPgliS 0 W mT*^.o 
[0 0 7 2] A 1 - 2 % C u X'$> 0 . ti&mt 

3.0 0 0At?*§„ 50 
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[0073] mrz. mmm^<Dmm^m^st>T$>K>. 

mM6 2, 6 3. 6 4tf"0&«ISR, . R : , . R n 
©*fiflia»»4. 9 12MHz. S*Sffl»»tt9 3 4 
MHz tLT*5. 

to o 7 4] fi?i]rE6 1 *(D&^nggR 2 , r„ oxm 

18RIJ9 3 4MHZ, R#«Hifc»W:9 6 2 MHz t 

[0 0 7 5] ^>y^7^>XL, , L 2 . L 3 tt#(C4 
n HT'*5, 

[0 0 7 6] ±8HIHfigO#tt*B»7^;^6 Ott. 0 

1 2*. m & s-c^-raaftttsw-r*. 

[0 0 7 7] <>^^>^L^2nH, 6nH©H 
0 1 \ <ny^)V9& 0 ©jUitttttt, 2 
t- »6 6, 6 7TVK-f£D<{C&3. 

[0 0 7 8] 012 KS^T. fflja»««tc»f 4 L 
fe#tt€:«t)-r<t, 013 (A) ©|£7 0T^D< IC 
ZLZ\X\ */hjf AJi^^e,- 3 d BT^fc«« 

[0079] 01 2i:i^>T. ittwai 

£ESlC*fr^Ltt^tt^«^-rt. 013 (B) ©^7 
1 T-^TftK 1:^:5. 

[0 0 8 0] 01 2«fcD#a»*J:'5fc:. L^JJO^ 
<-r-5<h. ^ifiSSW^ 5 5MH z{gj^&|fc#J©ftia= 

i^l:4nHtLTS-5. 

[0 0 8 1] ;^©tt*t:*i;T 
jg y§ 1 1 51 $ n § t> © T- $> z> . 

[0 0 8 2] 0 7 0£*-r«**j£©7 4 , ;i'* i©aa 
Ifrtttt. Hi 2+l*6 8T*T*n<K:fc*. 
[0 0 8 3] 0124". *MMm<V7 ■< )V5> 6 OC9S5S 

(i65) *fie*©7^^^©aai*tt (§6 8) 
tjt^-r-sic, &nt&moy -{ 6 oit se*©:?^ 

< v ^ep 7 6 T*-r<t o «caia»«^oaiflE«*tjBs < . 
*>£ep 7 7 -c^-t «t o izm&wm* C t 

[0 0 8 4] 014 RDC0 15lt 011 ©?iM4i?Sn& 
7-<;i/*6 0$5|ilLfc#tt*®K7^JU^^S8 0$ 

[0 0 8 5] 8 1ttt7S7^;V;y-^ 8 2li7^ 
^^?77", 8 3lt7-7.iLT^^T^ST^?). 

[0 0 8 6] t7S v9n«j>r—*?B 1 
Sy^KtibO. -y-<Xli5. 5 X 4mm 2 ©ji!£# 
1. 5rnmt/h^l5„ 

[0 0 8 7] ufflt7577/t7y-y8 1 IdiAuS? 
©mSSa^ 8 4_,~8 4_«A»»j«bT**. 

[0 0 8 8] 7^M5 1 77"8 2lt LiTa0 3 fit 
*0. H--fXl±2Xl. 5mm 2 ffli^^O. 5mm"C 

[0 0 8 9] c:c7)7Y;p^^-y7 M 8 2<ntm\z. *f&# 

10 0. WPfi#8 Ofiiii. *TOa»A 1 -2%Cu. J£ 
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j?W3. o o o A0*jeMk&Mifie«rr£#js»R. ~ 

[0 0 9 0] S/t^-fJ^ 8 2«ffll;ll 

8 5.,Rtf=-307-Xffl«f8 5.3, 8 5-,, 8 5., 

[0 0 9 1] 8 6-,~8 6- 5 li*>T-f>^7-ftT^ 
0. A 1 XteAuSJT&D, a*<2 5 (zm<()TiO, * 

84-,~8 4 -stSg?- 8 5-,~8 5- 5 tiC^>7 : -' 10 

[0 0 9 2] I©7-&, 7-ft86.„ 8 6- 2 tt*-*ia 
1 1 <£<DW.pm6 1 <£>-g&6 1 aRZSd 1 b ^^fiKT 
-So 

[0 0 9 3] 7-f t8 6. 3 H7-XIfIs«f 8 4.- 3 t 
8 S-^cDP^fC&^LT&O. r7-f-lr8 6- 4 «giJ«7- 
XfflllffiS^-8 4. 4 t 8 5_ 4 tC0^(Cf^LT$.D. 9 
-f-^8 6. 8 «giJ©7-XfflmffiSa^8 4 -at 8 

[0 0 9 4] u©7-ft8 6- 3 ~8 6-sttI^*i*i; 20 
2. OmmtlH, 

[0 0 9 5] d©«tp(C, 8KTfitr>7-f -WSilSJligCD 
[0 0 9 6] ffl>f»UsI«>-f >^^©aifta (Jt5:3 

(iS^cT) P l 9 9 tciatfe) (Cj:n«. ±f2©'7i'-\*8 
6- 3 . 8 6- 4 , 8 Q-s<m>yt>9>7,Umi nH£& 

[0097] 4 nHm >y?y>xzmz>tzisb\z\tz. 

^Tli^TSO, tSt504 ORZJC04 l £0^ 30 

T 3 «fc 5 ft-te 7 5 >y ^ y tr—'J £ y j fry =5- v y"±o 
[0098] dcDi^fcLT, mi 1 >yyy> 

XL, , L 2 , L 3 £«fi£-r$. 

[0099] citucM 2)iai6 \z*mwv>m 2 uss^j 
[0100] 0^ 01 1 K7K-rmrftMftt*tfo?2>& 

[0 10 1] SJIJK6 lrtO^SffiR, fflUPlA 
s tt. 8 0 (imT*5. 40 

[0 1 0 2] .M51JJK8 6 2(C«. ^SfgR^t-f >^^^ 
>XL, £aitt*Jfc»tt£ftTEL-T*5. 

CO 1 0 3] #S«R lA «HOftA P #1 2 OtfmT* 

[0 10 4] MPfiAp tt. SOfiAs =fcDft<. MP 
fiA s © 1 . 5fl5T£>-5„ 
[0 10 5] ftfc, *igg§R 2 RZSR, A <Dtt%;N P ,' N 

[0 10 6] ^CD7^;U^9 0«, 017*. S91T 

s-raiai*tt**-r*. 50 
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[0 10 7] 6 5TSti I 1037 y 

o©aji**tttJt«r«t, aiiaw««*«Ar 

IC. ^F41 9 2 T-^fJ; 5 fC, aa#tttt«lJEEflMtefc»£ 

[0 10 8] il8lt 0 1 6C0I«©7 Y ;l/^wajg 

[0 10 9] |h]0 (A) tt. 0 16 lC^-TJ:-5{CLAt# 
»snTi»6«&. 04 2tc^-TJ;^(cL^#i)n$nT 
^&U«^IC*J^T. **ODl[5>J«|*|8S<7)5BPfi (A 

s ) \z^^^nm.^mm<nmum (a p ) cottAp / 

A s i. ^^ffllJESOK^^^-r. 
[ 0 1 1 0 ] #«*r«lflE«tt. 4nHW-f>^^>X 

9 3T*T$P< fCteS. 

[0 111] 018 (B) \t, A P /As tli 

[0 112] aig^^^Itt. 4nHffl'f>^^>XL 
WUSnT^5«^l;lt &9 ST^TftKtC&O, 
-f >^^>XL»snTWj:^l;}i i96 

[0 1 1 3] 01 8 (A) , (B) iO, etT©Ht*« 

[0 114] ®M?>J1^6 2rt©*tli§R 1A Wg|PSAp 
SBW>Jtt6 1 F*3©£ig§§R 2 ©MPSAs «t0fi<-T-5 

[0115] ©M^iJffi^ 6 2 tc-f >^ ^>XL, £#jbo 

T, *«§sR IA ©^PgA P ©it*©2ajg:j&t;*;#<fc 

to l l 6] 6U:© ±1&ntl&Me>y<{ 
9on. 01 i <oy^ou^ 6 otctt^x, j§]i#«ffia 

[o 1 1 7] c^ig^j3) 01 9te*%BMo)&3mmm 
\z^^^mT&y ^ )iy i o os-^-r. 
[oi is] 0<*», 0 1 1 r.z/0 1 6 tw-rflusa^i 

[0 119] it?iJW6 1©*S§§R 2 <£>*f&N s ttl 0 

[0 12 0] afe^ij^a 6 2fctt. ^m^R lB h-(>yyy 
>xl, tA?i5>Ji:i^$nTEl/t*%. 

[0 12 1] #jg«R IB tt. *f&N P *ti 5 OT&D. 
±Eo*«igR, ©*HftN s iOfc#<, -e©i. 5fg 

[0 12 2] ft*s. *«§§R 2 SOtR, A OiPlAs . 
Ap tt&fC8 0 iimTSO. ^LU. 

[0 12 3] I©7^Wl00lt 120*. 110 
1 T^f aj!#tt£#-fS. 

[0 12 4] £<7)fflifi1#tt*. i^6 5TwtBl 1 ©X 
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Z>Z\£fc<, ^EfJ 10 2 Tt^TJ; o (C. M')&&>!$.ftm± 
[0 12 5] il7ti91 T^flll 16(07-f 

;i^9 ooiiia!t*tttj±«-r*t. Wk&VHttfi&UHz. 

[0 1 2 6] ffioT, **j6fifij07^;^ 1 0 Ott. 121 

otctt^T. a**fk*^«c^aiai#tt€#-r*. io 

[0 12 7] (*J£0<J4) 12 na#S!9?£>S[S4Sy£0iJ 

t W £ £ -S C <h IC J; o T® il&tt £ L- fc t. <£> 

[0128] 04«. B 1 1 (C^T«5)cgB»<h*f)C£;-r-5g)5 
[0129] BLiFiJIW 6 1 <D o % . 6 2, 6 3©f B 1 

niCil^J(C3 nH<ZW >^?>XL S W^LT* 20 
[0 13 0] [rI L: < . DttyiJJ^S 6 M^JK6 3, 

[0 13 1] M3m& 2iCtt. -0©#fi»RffiBjfc*tt 

[0 13 2] W\C<. 3fctt. -<D*M§§R 3 

[0 13 3] |WH$tC, M5>JJW6 4IC«, -CD*tIg§R 4 30 

[0 13 4] ^CD7^M110tt, H22f. «1 1 
1 T-^f aifi«rtt**-r*. 

[0 13 5] CUT, -r>^i7^>7.L s S:tX-©*Jg 
g§R 2 , R 4 <?>ttto<D%i¥k\Z.-D\,*TmmtZ>. 

[0 136] M2 )V2 \ \ 0£.Q, -1>¥t>5> 

>XL S £-<D&M^R 2 , R„ t*giJM^*,t. 04 
2\z?RT$i&<nyj i <h|W|t;<ft-5 0 :ctt!oi 
a«rtttt, 168 (HI 2 #Rg> Twt»< T**. 

[0 13 7] ±52^ >^^>7,L S SiiJlD-r^ch, * 40 

EPl l 2T^Tckp{cjijS^^l^&^-r-5i*(c. 5c 

<< S5ffl«»fl!lfC»l 5 MHz Ufc. aiS 

fttttt. 81 1 4T^"f rtOCftofc. 

[0 13 8] ro^SgT-H. »«^iqi£E«»i+»T«: 
^. <0#S2§R 2 , R 4 SigaaLfc. 

[0 13 9] ZlCD-(D*ti§§R 2 , R„ ^iiipT-Si, 
aja»WI$r^s6SCli:/j:<, l l 5TtkT<J;3 

fcfcfl-MMtfttSdB&SSn. 181 1 ITtjVT 50 
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[0 14 0] IS 1 1 1 £8 6 8 ttttefSlC. ^EfJ 1 1 
[0 14 1] ^t*3. fi«6 l(75*fig§R 2 , R, 

[0142] £tz, @2 i4>-,^M^-e*-r<toic. & 

?'JK6 2-6 4tC, -<>y^>X£}f ALTfciK 

[0143] 5] 021 tt*»9!©Se 5 MMM 

i'/<£-5»tt«ffl&7 ^;i-^ 1 2 0 J^t. 

[0144] a*, hi i»c*-r«j*aB»tra-«»ic 

[0 14 5] M?iJK6 2®-f>^?>7L, 

[0 14 6] giJCDM^JK6 3©-f >?t7?>XL 2 <ZK 
>?9*>xm*5. 5 nHTfe-So 
[0 14 7] 5fcgiJ©3ft3»Jtt6 4C0-r>^i/^>XL 3 

>y^^>Xft«7 nHTSS. 
[0 14 8] d©«fc5fc, &M?'JK6 2~6 4W<>y 

CtfCioT, 7^M12 0I1 B24f, 812 1 
T^Taii^tttft*. 

[0149] c;t, -r >y>^i7XL, ~l 3 ro-r> 

[0 15 0] ^©7>fM6 0li 02 4*. 86 5T- 

^-raafttt (hi2#bb) *^-r-5« 

[0 15 1] *^JS0ijO7-f 1 2 o<£>ai§#tete. 
±E7^;U* 6 0©aj§#ttlCit^T. aa#ttfi&ffl 

[0 15 2] a»#««fcD«H«Sfflf::-3V»T**£, 

6 0 !Z^t3Ttt9 0 2 MH z #jfitC— 
1 2 3 Lfttefr-orc^MZttLT. 8 7 5MHzi89 
2MHz©=MCiSgi 2 4, 1 2 575^±bT^ 

[0 15 3] :nci»).rtJOMSIii2 4, 125 

i:OWOflftftf«l 2 6*?|HlH£l 2 7 tJfta. 

[0154] mmm 6] 025 \t*mn<D , m 6 sijg^j 
[oi5 5] a*, hi 1 izTjk-rmtiL&fttttfo-rzm 

[0 15 6] M^Jfe6 2©mi©#14«®jg^S^R, B 
tt. H2 6 Ic^kTJ; 5 (c®iS*S 1 3 1 «k, nopfftk: 
S»1 3 2, 1 3 3*ELfc*«T*«. 

[0157] swgg 132, 133 itmmnm 1 3 1 1 

S#t§§1 3 2, 1 3 3 £©+&ME«d*&& 
d= (n + /3) • A - (D 
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£. 13 = 0. 4 tLtzt&O&WiZtidLT&Z. 
[0158] .hffiJKMSs 1 3 2, 1 3 3 ©*f»te. 5 0 

[0 15 9] S»»*iAfc*ISR 1B tt. H2 5(Ct5 

[0 16 0] ftllWM?iJK 6 3 , 6 4©*lSR a „ R su 
t>. ±E©*lBgR 10< !:rafllfc, S»»*«iLfc«BfcT 
»*. 

[0161] ±gafl|^C07^;i/^ 1 3 0 (J. H2 7 4>ijSS 

1 3 4Twtia«tts*n. 

[0 16 2] C<7)aig1#tt«. HI 1 CD^;^ 6 0 <D 
mmfttii («6 5T*t) tCit^T. ^EPI 3 5t^t 

•tit. a##*«ojfA»***««sftTv>*. 

[0 16 3] C1CT% 'Jy^r, tt. H2 6IC*rJ: 
■5 fcM3*J#E<7D®j8lflig l 3 1 C0Mffi(CS#tis 13 2, 1 

[0 1 6 4] dCT, K$i%s 1 3 2, 1 3 3 ©IBISfiM 

[0 1 6 5] ±K®S(C4dUT. /3£0fr£>0. 5ST' 
M$tTU7^r P ©li'vWiWi, H 2 8*»1 
4 0T^-T$P< left*. 

[0 16 6] |W]H*. ,61 4 ltf'Jyyjl'fffttflMNCDjA 
TabO, I©<fc£©/3 7&<0. 4T&-5. 

[0 16 7] dOIt^S, )3£0. 4fc^#T&-£>. 

[0168] H29tt. 02 5<Z>yjJl$ 1 3 0 
L7 l c#'t4^®ft7^;i/^ga 15 0 StST. 

[0 16 9] a*, hi 4fc^-r«ij«ffl5»t*f«-r-5« 

[0 170] 132, 133, 1 5 1. 152, 15 
3, 1 5 4 

[0171] -a\z, K i <D-m?ttw&&mm&m®<D 
[0172] h 3 o \t~<D^mm^fp-r. i 

Q=Z o/Zm = Vo/Vii 
(Vo, Vm : gfi*H&tftl1$TT©§&, k 2 : « 

«*ftttS£»*) tu a (t) 1 fctt«rr*/t 
7 * - 9 1 l t in £ gHt: s ■& . 

[0 18 3] C51<t7^MO>fiMa»folt 
f o = 2 f o* / (1 +Q) ... (1 o) 

^5il/-/3>o8S, a (t) S^*<r*t, W 
SMl«?B3 3t, ^Ep 1 8 0 T^T<fc 5 iC. i§ig# 

H 3 3 tc^-r. 

(0 18 4] ft*5. 133-f, giJCD'J y^r, «. fi 
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* [0 17 3] IWJdiBR, Batt. K&JHttff 1 3 lffl 
16 0, 16 1 SrBLfcfllfigT**. 

[0174] @3 in m<n^wm^-r. 
[0175] cKD^tiggR, b„ rnmmm 131© 

MIKSWStLT. XhU7^7Kffltil65, 
1 6 6*BUfc*JSfiT*-6. 

[0176] C£Jfi0* 7 ] H 3 2 «*^B^o^ 7 £ jgffl 
10 *5£0iJ6 tra«t»dteOttT*H-3fc"bfl!)-C. H«f». H 

2 1 fc7P-r*fie«»t»i£:-r*fis«-fcttiRi-fiF#*# 

[0177] 7-fMl 70lt 121C7^1H1 
0©?*,. &M?>JW6 2, 6 3, 6 4 ©SI 1 ©BHStSH 
K^MSsR.b, R 3b, R 5B **^H2 6{C^T«fc5(C®j 
fittffil 3 10P5«|©i3 3j*0. 4T^$^,feg(cRStl§ 

I 3 2, 1 3 3 fcELfcfcfifcT**. 
[0 17 8] ZV>-7<)19 1 7 OlCttltf, @2 2W 

I I lTST^ttiot), ais#«oa*^&<. _a 
[0179] c&Xffl 8 ] *mmmi<t. m 2 7 *© u y 

[0 18 0] ST. WEK»«#lD«pfc5in*'Jyy;U 

*a»*wtsuoi»<^ajcr>i»TjiE'c*. 

[0 18 1] 5SW#<Stt. iJyyjKDSftHilftftlt 

[0182] s/«ii/-i >3>-c\mmt%m<D9>%:*n 

ffiTcD^m-l >¥-¥>x (Zm) <hgf£«ffi©#S-f 
>¥-¥>X (Zo) £©]££*£< L-TVK ItTg 
-tnttXlR (1) Tfea^TWi^C, « 

mmmv>®Mt&mtfmm-?zz\tT'$>v, rns-to 

= 1 +k 2 /2 + a (t) - (9) 

[0185] H 3 4 a (t) =0. 08 ©I^T. k?U 

ffl©^s©*tc5g^T^5«£©aia#tt£?K-f. $t 

AI*mtjfij(tLTH5. ft*. I©0TH iii® 

#«©+,i># do) ^z^Ti&mmm^mvrzfz 

mSrffliET^<, 4 3 <L>jgi£|Sc£9 3 2MHzlc& 

5 mh z fzimmm^isy b bxt>*. 

[0 18 6] cnSHIR©JR»iOJt*T**fc*. 

[0187] 03 5 (A) , (B) . (C) 1 8- 
5, 1 8 6, 1 8 714. **mm#2 0 0 OA. 3 0 0 
OA, 4 0 0 0 A»S#©fiia#tt$*tjt£;$-e-T*-r. 
[0 18 8] ft. ffilj?£^3C£fCcfc9^i>Jf 
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[0 1 8 9] 133 SfrZWibfrtakoiZ. 2 0 0 0 A© 
r,- . RL<m®ft-<DW.Pm<n<) v7Jl<r s 3 0 0 0 

[0 19 0] Lt^U ^Jl$JtiD$ii-/iB#(C«->5il/ 10 
*fflte: rL i Ta0 3 Xfa±V>&&%mm&MT t^rCD 

vTRffl^^gi^j^fflj , m^aft^#isix^. vol. 

J66-C.No. 1. pp23-30, 19S8) tiS.tn.miZ 
[0191] -^dT0 3 6 (A) CfltJ5£3g*.fcll$©ft 

[0 19 2] RUgtfi, ft l 9 0ttA;Ui7fttJ:«a^, 
*1 9 ltt»K»fC«fc*a**^-r. ttll 9 -2 
T$>-5„ 20 

[0 19 3] BH±0»*5i5lC, #A»tt2 5 0 0 
Afi[TW#coa!i*^«U. i&3 5 0 0 A< £t^E>A* 

[0194] 036 (B) 1 9 3 (i. 02 64 3 <7}{S) 

mmmi 3 1 is#g§i 3 2, 1 3 3©flt»*£*.fc» 
[0195] 036 (a) , (b> &m-k$)izwmTz> 

<t. SUltLTte. 2 6 0 OA- 4 0 0 0 AWWt$,fa\z 

-5M^J»E*^gg(D«S^^Ap (932MHz T 4. 4 
/xmT&D. 19 2 6#I) TSMfrfcTSfc. 0. 0 6- 
0. 0 9tft«. 

[0 19 6] ±E©<ftWIS«{C»^<'b0D 

[0 19 7] S3 7ti*^Hj©^tt^ S jg 7 ^ ;1/ ^^^ 
1 ©-J^*t#tt*Bi»#«S 2 0 0 *7Sf . 
[0198] |?304\ 2 0 1 asme 2 0 2, 2 0 3tt 

swsiT-^o. **a i mxitmmttx^yo^m^m^ 40 

fi-fffcA lS^SI-ea&D, lUPt, (J. p® 

0. 0 6-0. 0 9tiS<DJ?$T-&£. 
[0 19 9] £©;&Slgg2 0 0*112 5RZfM3 2 4>© 
&H§§R, B , R 3B( R BB \zmmLft&&&W$L7-<)H? 
©SaWtttt. B3 8«K i2 0 5t^O<l:ftD, 

[0 2 0 0] ±C©Al^SltLfc»^t:tt, 
A 1 Hi Lti^fctt'CTIi*»tt*t|Sl±t4. «•& 
^tSSl^KJCu, T i &<*;T 

[0 2 0 1 ] i3 9lt ±&&M®<DmMMX-$>Z&m 50 
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g§2 1 0 StJR-T, 

[0 2 0 2 ] 211 fi^MS,. 212, 213 ttSSt 
8§ Tr <fe -5 o 
[0 2 0 3] ^n&»4. Au8T*5. 
[0 2 0 4] SMl)0M^STr©iSA54i;T^ 

sctA^, skmummmcD&fflA 1 a&mtnitfztt 

[0 2 0 5] A 1 <D«,g/A u <7)£g= 2 . 7/18. 
9 = 0. 14 3T**fc«fr. llMt.lt 0. 14 
3iLT, flBHAp W0. 0 0 8 6-0. 0 1 3ft 

[0 2 0 6] dW^M§§2 1 0*02 5MI3 24>© 

^m§5r 1b , r so, RsjzmmLtc&tii&m&y'Oi'i? 
[0207] (mmm 9 3 ^hkm*. 0 1 1 > 

^*>XL, , L 2 , L 3 **^-r-5S"JC0CsjT*-S. 

[0208] 040 4-. 014 \z7jk? maia»£*tfR-r 

[0 2 0 9] 2 2 0, 2 2 1 «v^-tf^05v< i7D7. 
hU 7 7"5^ >T-*0. **Sf8 4_ 3 K.tf8 4- s <t0 
SffiLTt7S77/t 7 y-/8 l±{CJ£/&bT&-3. 

[0 2 10] §7-f?DXFU7y7^>2 2 0, 2 2 
1 ©5feSS*«7-Xt«|«UT**. 

[02 11] SY<7DXK'J777-f>2 2 0, 2 2 
lC/^-XBttlOO/tm. ^-f^D^hUy??^ 
>i7-^Bfflft3liO. 5mmTfe^.o 

[0 2 12] -ty 5,yi7/1yy-is8 1 WJt^|«^*9 

^nxhU77"7-f>2 2 0, 2 2 1 C9-f >???>X 

[0 2 13] CUM^il 0] *HJfifi«J«. 01 l *©-f 
>?i7*>7.L l , L, , L 3 SUSITSStCSiJCDtfiJT 

[0214] 041 + . 014 izm-rmfc&fttttfo? 

[0 2 15] 2 3 0, 2 3 1 ttv'y-tfytlcODV'r^DX 
h'J7 7"7<>Tib0, **&liS§R, , R 2 iOIOi 
LT, 7^;i/^^-y^8 2±{CJgfi£LT*^„ 

[0 2 16] ^7DXh'J7y^>2 3 0, 2 3 
1 SS^8 5_ 3 , 8 5. 5 «Ltab5. 

[02 17] S?1 , 7PXh'J7y7-f>2 3 0, 2 3 
ltt, JS£*«3 0OQA. «#6 0tfm. il*{|f)2m 

[0 2 18] 7^Mf77" (L i TaO, ) 8 2 ©it 

mmm&4 4 ttzt. v-r i'Dx hu-^^-r >2 3 
0, 2 3i0^>yi?^>xin ai»s«fc»j. 2. 2 

.[0 2 19] &*$. -f >y2^>X£. #>7 r f >y>7 
-ft8 6. 3 , t?* v {f/tytr— ->*8 1 ±CD V'T^DX 
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h 'J y y'y < >2 2 0, y ■< )V9T y ~f 8 2 ±<D V-f 
□ X h 'J y 7 7<> 2 3 0 C <h(C<fc -o 

TBf&T&ZthT'ZZ. 
[0 2 2 0] HlifiWl 1) H4 2tt*5fiM©»i 13^ 

dtlSrJIftft: LtlMSSf. 

[0 2 2 1 ] WLW<D®.-&±, £t***J£0<J<75«gRtf* 

[0222] ©^HM^irotitS 
^♦I£&;*;-r&t>©T-&0. Af=frs -fap 

[0 2 2 3] ©**JS0»JO»*«fiS; 
Wse&^M^JlCiJ^Ttt. fap =frs \ty -<)l i? (DWfa 

^ClTilii^ti^^-r^fc^fC, 04 4fC^ 
Tck^tCfap <frs <hT-5C:<h£#;Lfc,, 20 

[0 2 2 4] HOBl^'aiEbrivfcJcStC. fa 

P<f<frs ©$6HTttbx<0 t^O. miizBCDJil^ 
bM^ites&n^&s,, Lt^U ^Htcttiy.T(c:iz!! 
^i^ia f (=frs -fap) 0±Z2$:fflm.lsT J P 

[0 2 2 5] A f =frs -fap Sr^btgiQ 

[0 2 2 6] m®&t¥tLT\t. EEmmmtmf5.®foi£ 30 
■^mm^o. 0 5©l i Tao 3 wmmMmoA 1 
mffi«^i¥3 0 0 0 Ao&ftzm^tz. 

[0227] m4 2\z^-r^ota^mm 

®t&m&m®$:&TmizmmLtzh<D$ : m*mi8.t l 

*t » t-r 3 fc tt> <owmxm& £ flt&g: t- mm l tc t> cd t 

[0 2 2 8] l^U ^gifbfC^Daii^rtCOfS^fc 

iijofs^^. &mt<D&mtM:&wjiy )i>?(Df±m 40 

2 0 d B^±$r^^-i, 1 oO^^Jch LT^f fzbO 

m^SOtt P = Cp/Cs«l 
[0 2 2 9] B4 5CftHT. (A)ttAf = 0O« 

[0 2 3 0] (DEI (B) lidf=l 0MHzCDl§^T$> 
3. |h|H (A) itt-c^i. ilii^©«/jN}fA»«(5 50 
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f^aiE-rs^tScir-r-S) #2 2 MH z*b4 0 MH z 's 
[0 2 3 1] A f <75^/jQ«±(C^i|l^&#£ttT^-5 

[0232] mmnwEEmb&wznz. 045 

(A) . (B) lZ&^T&W&mv>fti£!n-fflfElg. (04> 
IZTpLtz) *'19d B7^b 2 0 d B K&S$ftTU-S>„ 
[0 2 3 3] dCDct^iCA f *mmiSMZ>tft&<7)?km 

[0 2 3 4] 0 4 5 (C) tiA f = 1 9MHztLfc^ 

«Ttt'Jyy;Mt«BflEOtti. OdBtteofc. 
£A±CDA f 0«WPtta*^tt#«rt'J ^7"^©iiJ0<t 
fcoifc. fi£oT, Af = 19MHz#. A f £tiSn£-t£ 
5 Pig <h&5. 
[0 2 3 5] £©P$Kil&£©bx«tt<h*©±'3fcMfcfc 
t3TU5OM04 5 (C) CDA f = 1 9MHz©i^ 

[0 2 3 6] H4 2©3fe5iJtt*«|<«r*5|lttaSiB 

fPMU 04 6 (A) . (B) -C*-r«fc3fc@iM)|j« 

\t-f >¥-y>7,&"tti?nmfei>fz. mmt*ybv 

tzo fit, ^-©{12:04 6 (A) , (B) (C^-TiCtC 

[0 2 3 7] -f©ie*, 04 7tC^T«t^fj:^!S[&#tt 

[0 2 3 8] £n'e.fc0bx«©«£tt*f 

[0 2 3 9] pjJEIfrSfap < f <frs ©3EH-ettbx« 

[0 2 4 0] bx»(D|6*firofi^il bx.. x I f2ft 

[0 2 4 1] 
HS9I 

f = Vtap xfrs 

[0 2 4 2] <7)B${C#x.bn, **EJfiWTttO. 06T 

gp-5 i bx,„ i ffi*id©ffletTTabn«. m 

j£Lfc#AJS©#<fcRtf#«|*i'J •vT'^^iC 1 d BiW 
[0243] Af>19MHz if •St, I bx.„ I 
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[0 2 44] ftoT, lbx„ x | «*«WttSUfl:©±IS * t 0 2 4 7 ] a^JWo»tt*ffi«[*lBgo-f > e-^> 

[o 2 4 5] ziTizmiz-mitLTwrn-tz. Yptnt, 

[0 2 4 6] 0 4 9lZ®3tmV&OlZW&iBimtii&M [0 2 4 8] 

«*LC0D2S*«|iiB-xfifiiKL'TEI2©J:-5tc» ; FS! [R l 0] 

- j (CO,, 2 -co 2 ) 

Zs=jx = •••(11) 

wC. ( (co. s 2 -co 2 ) 

j COCop (CO.p 2 -co 2 ) 
Yp=jb = ••(12) 

(CO r p 2 "CO 2 ) 

[0 2 4 9] HT. 3K[ftll] 

[0 2 5 0] 

6> r .= 2 7T f r .= i / vui.li. : m?m*m&®&Mmmm 

co„=2n f .. = 6} ri vi + l/r : H3RW8*IS«©S#lgffl»« 
co rB = 2 zr f rP = 1 / VC.L,. : &^M^3£CD*|IJiJg& 
co«» = 2 a- f . B =co,p VI + 1/7 : 

r =Co s /C Js = Cop/C )p : (akfiKS^eMfrfci 
*) 

[0 2 5 1] T<fe3. ★ [0 2 5 3] 

[0 2 5 2] (11), (12) ^ii9bx«^5 [ft 1 2 ] 

t ★ 

Co • (o>.» 2 -co 2 ) - (<D r , 2 -co 2 ) 



bx = - 



(l 3) 



Co, ' (C0 rP 2 -CO 2 ) • (4)., 4 -co 2 ) 

[0 2 5 4] £fc*. ^ [0 2 5 6] 
[0 2 5 5] (1 3) £©bxfcflM*#**aHjfcft [*13] 
wtt<? (bx) /do>=0*>&«g9. -ttttt. ^ 

CO= Vd>»p ' COr. ••• (i 4) 

[0 2 5 7] tft*. ♦ [0 2 5 9] 

[0 2 5 8] Z\tlZ (1 3) *K«XLjtM*«aa#« [»1 4] 

Cop • (1 + 1 /r) 

b x„.x = — (15) 

Co, • CI + 1/ (r • Aco/co r .) J 2 

[0 2 6 0] * * [0 2 6 1] HJIT, 

Aco = a> rs — a>ap=2 7C • A f —(16) 

3K«fc-5fc»l*fcfc4. 

[0 2 6 2] (1 5) ^bx.„ tA f/f rs <75P« [0 2 6 4] got. P = C„p/C„.CJ:oTftWA 

iLTP = C„ D /C 01 ^7/^tlT/n.yht5 f/f r.Off^tta^ft^T*. ^tlte (15) it© I 

tH.5 0Oi5l:«t4. bx„ ax |=0. 0 6tLT, MtW. 

[0 2 6 3] EJBUcfcl^T. mzm^mz^sbtzh^(D [0 2 6 5] 

a= 1/ ( VF tr ' + r) / 0. 0 6 - r ) -(17) 



(15) 
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[0 2 6 6] g«Jtrtt£«*mTS3; 0. Sli$fCj;n 
«. 3 6° Y* 7 h«L iTaOa T?» 1 5 T*$>o 
it. * 



* [0 2 6 7] d©fc«&. 
[0 2 6 8] 
[ftl 6] 
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(17) ittt. 



a= 6. 6 7X1 0"V (4. 2 

[0 2 6 9] 

[0 2 7 0] P=l©l$. a=0. 02tft0. f rs = 
9 4 8MH z ©0 4 5 ©my&J©J§"&T A f = 1 9MH 
ztftO. (18) ^fiKOttoT^-S^i^fitiST^ 
5. 

[0 2 7 1] A f *l«*S-&sa**fJ, S«JtT*</h* 

HfcW8!rC*t). *©J:3fcff«3«#ttfc*lLT (1 
7) ££#«i>fc. 

[0 2 7 2] rtttett***fcig£«ftk 2 ©i£ftCit#J 
3 6° Y*7hXfi«JOLiTa0 3 ©rI 
i. k 2 =0. 0 5O«tSfliT. tt®iflE<r>ttftttM 
IS£«»c£fc:3*m6 4* Y*7hXglL iNbOa 

(k 2 =0. 11) i, 4 1* Y*? hX£]&L i Nb 
0 3 (k 2 =0. 1 7) (Drm$:$i)£>2>£, 
8. &##4. 4T&5. i^eiti^Wk 2 ©Mte;£jtK 

( "Applications for Piezoelectric Leaky Surface W 
ave" :K. Yamanouchi and M. Takeuchi, 1990 ULTRASONICS 
SYMPOSIUM Proceedings, ppll-18, 1990) 

[0273] an, m 5 1 \mmit r tm^mmmsm 
ftk 2 tommzmT. 

[0 2 7 4] mm<D«mt3 6° YiJy h&ti&L i Ta 
0 3 Ok 2 irliOMfK 
[0 2 7 5] 



[ftl 7] 



40 



1 

k 2 oc 

7 

[0 2 7 6] <t:LT*#>fcfcc7)T-&-5o 
[0 2 7 7] 051 WKIflto* •=> . 64Y" Ayht41 
0 Y#-y h^xeSgL i T a 0 3 © r M£#063 d tifi 

t*, »BEtrai;<-€-n"€ f nT = 6. 8, t4. 4t/<t 
«. 

[0 2 7 8] (3)HM^J 1 1 £>#f f& 

[0279] 241IJ36' Y — L i T a 0 3 ©fftt* 

1. 5X2X0. 5mm©^3TS5, 
[0 2 8 0] A*ffll*^W#tafe5>Jtt*fi» (R * 

a= 1 . 4 7xl 0"V (4. 2 

[0 2 9 2] tf3.2>. 

[0 2 9 3] 4 1 0 Ytly FXgfL i Nb0 3 

r = 4. 4T*0. ★ 

cr=2. 2 7 3x 1 0-7 (4. 5 2 /F-l) ' -(20) 
[0 2 9 5] 50 [0 2 9 6] rtW^<ft5I, BP%i 



2 7F-1) -(18) 

*P. ) , tfi^J^*igg§ (Rs, ) . $LP\m&M® (Rp 

2 ) . mmm&M§§ crsj . t&mm&m® (r 

p 3 ) CDIBTMA/TH-5, 

[0 2 8 1] <7>&Mm$ffi+)-^ H tCKfcfgg 242 
10 (JBtftS) *t)ofc«ifiT**. 

[0 2 8 2] ■*0ftX8ttt,v3nfcHaft*f 1 8 0/i 
m. «I§O»SaJ5 0M, £St3§t>5 0*fT&-2>. 
[0 2 8 3] #J£mW§©Jiffl©^M^JIt£&JIg§£iI^ 

4. 3 9/zm y^ttl : 1 

/^->SlJAp/4i5l. 1 Mm) « M« 
Ss©JI»MAs=4. 1 6 /zm (EffiiKl/^-Xf «A 
s/4 = 1 . 0 4 Mm) T&-5„ 

[0284] tn^ncommit^rn^tKD^mm^m 

20 ^Kft (frp , frs)tf*8rJ£©« (frp = 8 9 3MHz, 
frs =9 4 2MHz) fcfcS«k3K: 
A s =V m /frs , 
Ap=V„ /frp 

«tO»SLfct>©T»*. u^T, V„«mH^iP3 0 
0 0 A©B#©3 6° Yrty hX£j$L i Ta0 3 &■&© 
«®i£©Wi§T& 0 . Hi^tC V m = 3920 m/ si 

[0 2 8 5] ±f2«JB£co#ttg®jg7 w M2 4 0 JJ, 

045 (o K^-rj£#*Tfl-3fi«£©aai*tt**r 
30 -r-s. 

[0 2 8 6] ft*. A f = 1 9MHzT&-5. 
[0 2 8 7] H4 31", lp«»t*tAT4. 3 5 Mm 

t-r-st, Af*uoMHztao. 045 (b) ©i# 

[0 2 8 8] »SHA 1 -Cu64T*0. JK 
J9«3 0 0 0 AT. *Sffi*iBEHS«2 4 1 ©Xffc£[S] 

[0 2 8 9] #fc. ttOE«X««JSV»/t««CDMk:7 

[0 2 9 0] 6 4° Y*7hX«LiNb0 3 
ICtt, r = 6. 81**0 (17) ait 
[0 2 9 1 ] 
[ftl 8] 



7 VF-1) 

★ [0 2 9 4] 
[ft 1 9] 



(1 9) 



(16) 
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[0 2 9 7] C&K0!I1 2) El 5 2 (i+^cDjg i 2* 
[0298] 0 5 3 te, 052 ©EIBH*J5fc©#ti:«Hi£ 
[0 2 9 9] |2I 5 4 ROi'm 5 5 tt, El 5 2 , 5 3 ©#■& 
[0 3 0 0] (D*J£0iJ©«l^ 

[0 3 0 1] *^i£^J©#tt*®jg7^;i/^«, ifiM?iJ 

©«E# * H 0 . . *««L*T©«ife £ « S T HI J* £ Lfc t> 
[0 3 0 2] ;int;:J;D. ffli®^fC:fctt3j?AS}&£ 
[0 3 0 3] ©«W©^J«*TOJB*iie 
[0 3 0 4] 05 6 (A) , (B) tC^T «fc 3 < 

[0305] ;l©^. \S.mm&m&<D&mm&fktftm 

V». 05 6 (A) , (B) ©*&KM«SVifcAm*SB 
&\zmffi.l>tz%<»\^ 05 7 (A) , (B) , (C) fC 
[0 3 0 6] 05 7 (A) «AW^ffl!l©-*di|t5>JI«T* 

Zm= vl>i b, /c, a, 



#^¥5- 183380 
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Af£A£ *te***M?>JW-e**«^. <#*ffl!g) . (B) fJAtti 
^SS*fC3fe?iJWT»*«^ (Wasffl) . |B]0 (c) «A 

[0 3 0 7] Z\<n£olZ&&itLfzm-£, JfA«*, ff 
^WlI«i:fc(rm{4EF B 1©nfS£/j:0. -fl&tCjfAftl 



[0 3 0 8] 



n fg «t o «> $ b tciift-r «. 

[0 3 0 9] -f >fcf-^>XS^ijg^JT^^<i:. 
Efil]©j&# (0 5 7+0*11 - 1 ' frt>n-n' £T© 

[0 3 10] *fi[KWH±©«*KJtS r 1 14 tl»* 
fcn 1 0 1 og (D tUZ. 

[0311] ft?T%.{iL&mm±e>'( >¥~y>xm<s 

£tta>D, *#T©**jElt*Jf3*..&;:£K«fc9, Jf 
20 A»*©«IJ)D*ffi*»S>Lai:t*«aST**. 

[0 3 12] ^!C, *ftKWra±©-f >bf-y>X*^ 
*0-5^JCOV>TUi^-r-5. 

[0 3 13] 0 5 8 ICtkTJ: 5 tC, -fefc 2 ^©gfc* 
4Sg^3t& (Fff? ? 'J©4'0©SiS:A > B, C, D) 

-a-. ^E#b-b' ^?.^n^-*n©[5iss#)^^.fc-r ^— >? 

[0 3 14] 0 5 8(C^-r«t^tC[HlSSlfi(S-^fc-r^ — 
5H">ir— ^>XZ,,tt, @gSl©4^^A 1 , B 
30 , , C, , D, *ttoT*SC©J:-5fc*SnS. 
[0 3 15] 
[«C2 0] 

- (2 1) 



[0 3 16] l»M£i;:|§I8& 2 -f y-v-f >fcf-^ ^ [0 3 17] 

>XZ 12 te, ^©ct^t'^^n-S. [&2 1] 

Z i2 = M2 tf 2 /C 2 U2 -•- (2 2) 

[0 3 18] -ne,©^^-^>tf-^>xttft^« ^©i^<>t:-y>XI^tt^5. 

fit (WJSSt) Ro £t£ftHffik:ft£«. 40 [0 3 2 0] 

[0 3 19] (2 1) xt<h (2 2) ^^L^tS< ★ * . 

D, B, /C, A, =A 2 B 2 /C 2 D 2 - (2 3) 

05 9«. mm<D^ >v-y>xm'S}$.frz&?wi®® * to 3 2 2] mxb-b' *^*«**fcKjt«»r 

[0 3 2 1] 05 9 (A) «. -f >tf-^>XSg^*t« [0 3 2 3] 

(2 3) aO^W;^6K * [R 2 2 ] 

Z, Y D 

r= •••C24) 

2+Z. Y P L ; 

10 3 241 ^ Z. Y P tt**©**Ttt»l* 50 «-Cb5S*fc0tttft6«c^fca6rt,0fctt«c6ft:V». 



(17) 
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[0 3 2 5] dtllCtt^. 159 (B) . £Acte0 5 9 *b' a»63te«*fc-fj» 

(C) te##b-b' T (2 3) 5«»5. 

KSfttOifcO. »ifctt±i;ftt,>. [0 3 2 7] 

[0 3 2 6] 0tj*«. 0 5 9 (B) 09*£. b - * [*2 3] 
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-->•<> fcf-^>X«. (2 1) 



Z,,= 7 y p (1 +Z, Y P 5 

[0 3 2 8] Jg#b-b' *^*ffli]$*fc-f^ 

->^>f-^>XZ i2 fc (2 2) ^e>***t. z 
Mt¥i<!i5:tW5. io 

[0 3 2 9] ffioT-f >tf-^>XS-&*«in, *E#T 
[0 3 3 0] 05 9 (C) fcn#fc-f >t-y>Xl^ 
[0 3 3 1] »;I5 9 (B) , (O ©J^fcSBRSs 
[0 3 3 2] 06 0 (A) it. 05 9 (B) , (C) 09 

tgffim*3cmzm9mLTmGL&fflZn 02) 

[0 3 3 3] 06 0 (A) ©fcjfcT, SV»KB*U*5 

TZ><i:*ti&tC-r^i:06 0 (B) fc^MBttt*. 

[0 3 3 4] H©Jg*, »t>AiH**KiSV»iao**** 
tl£9rtM09KfC;ttLT¥#09*££09^>If-^>x 

£. 

[0 3 3 5] 0 5 7T*Lfc3aiS©#©{brott^{C*f 
LTd©H31£jSffl-f -f>kT-y>;xg£-£0o 30 
fc8«ffitLT, fn^ftg!6 1 (A) , (B) , 

(o ©#wsn5. 

[0 3 3 6] 06 1 (A) tt0 5 7 (A) \Z*tffctZ& 

*^M^J&09i§-&T<&3, ciwtt-a-tt, «8SP©it5<JW* 
SSO-Olf-^XMtti. l*ifl!litt5iJ«[*iB»0-f > tf 

[0 3 3 7] mmzm6 l (B) te05 7 (B) 09. $ 40 
£06 1 (C) «I5 7 (C) ©*£flS»ttftT**. 
[0 3 3 8] 06 1 (B) 09«^teMaSa&#&5IJSfc09*l 

«fc0rt«OM5>J«[*fiSO7' K5^>Xtt09##,i:&r> 

[0339] 061 (o <Dm^\tmm^ififtmvi<om 
□t*, PisBBP©ifi[5>jit*ig»©'f >t-^>x«t»a, 

ft<k 0 F*9ffl"J09ift5IM*igg§09-r > tf-y >XM09#^t 
[0 3 4 0] ©HJStfiJ 1 2 COWH& 50 



- (2 5) 

[0 3 4 1] 05 2 (±*^BJ09^ 1 2 Hig«S]{C^*5¥tt 
2 5 0 09S2fs:6t)^figS^-r. 

[0 3 4 2] £©#1t*S«7w;P*£JM*:fl;-r*£. 
0 5 3{C^-riD<{C^-5. 

[0 3 4 3] 3 ^OiS5»ltt*jgS (R s , , R s 2 , R 
s 3 ) t3-3©M5>JW*SS (Rp, , Rp 2 , R 
p 3 ) t^bfiicO. -?-n-€ r tl0 5 2 it^T^iffilUK09 J; 

[0 3 4 4] £n5©6 0©#S»tt#CHP* (9 0 
Mm) ^IhIUT^O. 5.oSSm*f» (1 0 0M) 

[0 3 4 5] £fc, &**»ttraHK*r«t5ftfil&S! 
[0 3 4 6] fcM&CDttmt 1 0 0 

[0347] mmm&mm (r s , ~r s 3 ) «t-<t 
ni;fi$09aajg«^i (a s) ra&o. a s = 4. 19 

[0 3 4 8] X. M^M^Sgg (Rp, ~Rp 3 ) 09J1 
MU, :ntS6SH»|Ap = 4. 3 8/zm<hbT& 
•5. 

[0 3 4 9] ttfe09M^tLT. £©«J«fc*rr*fE# 
«JA«H6 2{C*r. 
[0 3 5 0] 0 5 2RUC06 2 09W^iCO^T. -f>t 

8©«t|-*fftt. IPS90MII1, *f&10 0**T& 
*o 7HS^>XY P T-*Sn-5M?'JSig09-^T*r#'tt 

[ 0 3 5 1 ] BEttSffitirAt*. 3 6' Y*y|>X£ffiL 
iTa0 3 ^-©±K#tt*®«*fi«iUT3 
0 0 0 A09A 1 £&m(DWMrt*->it>WtfLLT&Z>. 
[0352] 054*. H^2 5 1 «0 5 3COy^)l^ 
2 5 0 09#tt£^-r<, ^2 5 2«0 6 2 09^*097^ 

;i/*©*H**is-r. mm&t)&mmm<Dys()i'i?2 5 0 

[0 3 5 3] ^1:0 6 2 09^*09 7 ^;U^('*31/iT. * 
SEP*, 1 ] (3) 09TH5^>XY D T*$n-5M^J*Ji§i 
09*. *f&£ 1 0 0*hJ>£8 0*KcM?>bT7 H5^> 
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[0 3 5 4] «±. 0 6 1 (A) ©**»fc»T«*li 

[0 3 5 5] C^M^J 13] 0 6 3 (±> #fgBJl©M§ 1 3 

[0 3 5 6] -W^ttJlffi&^JI^te. 116 1 (B) 
lZ^Tffil&Jj& fcSo'l Jfc t, CD t- a& -5 o 
[0 3 5 7] CCD#ttaS&7^;U^ 2 6 0 te, 0 5 4 

t. 

[0 3 5 8] C*i£^J 1 4] 06 4tt, *5£WV>m 1 4 

[0 3 5 9] d©»tt*Si»:7-r;i/*tt. 06 1 (C) 

[0 3 6 0] uOJHt*jB»7-fM2 7 0fe, 05 4 
©1*2 5 1 TSUftt.OtH«&a*fij!aiftSt)fc6* 
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Y p = g + 



z s = 



+ 



r : mKft 

x : 'J7^^>X» 

<hT-5. 

[0 3 6 8] lOiolCtent, g, b, r, x© 
[0 3 6 9] atMtt*JR»CD7HS^>XYp ®^t^ 

&fap TO (*) £ftD. fap W±T«F^*tff OC+Kft 

[0 3 7 0] Y p ©3>^£7^>7.#g (06 9 

+ tt. nttCfap T'i^MiQ, fap * 

[0 3 7 1] «3>^^>^5J-g« + ©«L^t6jS: 

[0372] iS5iJW*S8©-f >t-^>x»z, ©y 

tti£T*li««[fS:frs TOt^O. S*S^&^cfas T 
*6fc + 3i»6-^«F****. fas «± 
Ttt— flij^S O'Mfi^HTtK. ★ 

q _ 10 0 

O 21 — 



[0 3 6 i] mmm 1 5] 1 s^mct 

i*^'5#'l4S®jg[7^;i/^{C'O^T0 6 6^ 
[0 3 6 2] (Diyg0iJ©Hg 

[0 3 6 3] **ffi^J«, aa#*t*tt4jfx»*s 
^>x»ic»§L, a:? ; ijia^jco*tgig(c*fL.Tttjs&t» 

7>ftZffi'PZi*Z> Z. t \Z£ o cn6$«?si:a^fB$ 

[0 3 6 4] ^tc, **W©«*»IC-3t»TKWr*. 

[0 3 6 5] ©#$sgii©«* 
Be stzm.mtotm7tm\z j tti*ti&Mj*&#. «rs . 

f rp) ©Sft* 2 :P©?M£*ffi»#iBS§£eit Ufctt^FS! 
[0 3 6 6] ^ut, StMli*«»07'H5^>Xft. 

- (2 6) 

*i:T£. 

[0 3 6 7] ^rzm.nm^mm<D-i >tr-y>7$, 

- (2 7) 

★ [0 3 7 3] fiSl«Ttt0^6**Ci«lobTiS) 
S&tgJ^&gcfas TlAMtD, ^tt.W±Tffc* 

[0 3 7 4] r *>g£RI#fc: + ©MUa»&SfcH. 

[0375] :it, 7-f;u^*tt*ff*fcje>t:tt. Mr 

[0 3 7 6] 06 9©TSptC_h(D-<>fc:-^>x > 7H 

©ail4#tt£ST. 
[0 3 7 7] fap =frs ifi#Ta»«W££ 0. 

[0 3 7 8] |pl0;fr£fcBJ -51;:, aiS#«©# 

i^^stia^T-abWx a o ic&s. 

[0 3 7 9] fcT, 7-fMiLTOfflHWtllS,, 
tt, r £g©^T-&£ <3. 
[0 3 8 0] 
[S24] 
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1 00 + r + 50r • g+25 OOg 



[0 3 8 1] tts.Z>. 

[0 3 8 2] d ^ T, r>0, g>0T&-5©T-. (2 
8) iSttr, B#teJtaoTSa£S,,H:l J:0/J\3<fc 
0. 2 0 1 o g I S 2 , I T'^^n^Jf A»^felt^:LT 
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[0 3 8 3] fot, r 
[0 3 8 4] friz, r, 



(2 8) 

, gte^tcoicjfii^g. J$A» 
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[0 3 8 8] #ic x = 0 (Dfp^mmWCi&mmt r = r , 

[0 3 8 5] :kftt, 03 (B) + , r, 
AftT#*.3 0 [0 3 8 9] jfcjij|ft*jg«©7 , l«5^>^©3> 

[0 3 8 6] r , \twmnm<Dn*MSMHtzmi»nm mmwm<D*$&8i<z>-3>?t7 9> 

Jtrossaas^ssiErta^/^i/^iftti^otiiJUTtK xi/r, tctt^j-r-So 

I^;^-JI*»*ftfitt»iLT*l/fct«)**tt [0 3 9 0] »^««©««*goafit**p 0 , « 

[0 3 8 7] /W*B»i#icJ:*Jfttt*Hil*»«i 1 s . *M**N. tr*t. 
©»ttK:»£tt#Ltt^fc«>, »flMt«©*SUSK r , * 10 

r = 1 s • Po / (N. • W • t) - (2 9) 

[0 3 9 1] Sfc. &9IK&&t8g<?)B a Pft& 1 „ . 0 , W, t ttHK#Hr»*S, 

g = N D • W • t/ ( 1„ • p 0 ) (3 0) 

[0 3 9 2] ffioT. (2 8) 5£IC*Stt4jfAJft*fc:*5* 

r+50r-g+2500g 
= 1 s • P. / (N, • W - t) +5 0 • (1 . /\ B ) • (N P /N. ) 

+ 2 5 0 0 • N 0 -W- t/ (lp • Po ) ... (3 1) 

[0393] (3D sio, mpm&mm*mn& i o^M5«j«i*s««t o^v^dt-jua*****. 

s tf«fe<. *f&N s M?>)*«g§«^P [0 3 9 4] iOaSfc-D^Tifi^*. 

Sip #S<, *H*N P *«*l>fct»8. [0 3 9 5] ±12 (3 1) r = r' 

»C 1. /1» <1. N D /N. . (r. : *^JI|ft*jgigcDtt»JgtrC) Rtfg = 1 / r D 

r=50r-g+2500g=r s +50 (r. / r D ) +2500 (1 

/r„ ) 

itt*. ftoT, (r, /r p ) <l, flj£ r s <r D ♦*»**. 

T&ntf»A»&©it*ttffl$ijT€r3. [0 3 9 7] 3SKtt»«ff«K£LTfr>«&MKC!>jN 

[0 3 9 6] fc*$. l s *»*0*»iiffSa: 30 il^iS^JM©^^ t . , MMttCD** t D fT*t (3 

*t»St*l»^:C«t*afc5>J*««OQfiT*ffl#. ffiJ^ft [0 3 9 8] 

r+50r-g+2500g 

= ls • Po / (N s -W- t) + 5 0 • (1. / lp) • (N D /N s ) 

(t P /t. ) +2500- N e - W-tp/dp • Po ) - (3 2) 

*' T ' /t. fr«iliTn«fca*ftfi«T* LITaO, *itmtt3 0 0 0AOAlR-C 
5< 

[0 3 9 9] ^OtefCfeJKft*©^* (p 0 „ Pop) [0 4 0 4] Bg|jK. M5>JW#K, iftgO 
2«8©&«fllj&»SfcS#JI££, iS5>JtttM5»JtttcE 40 MPS l s =1 D = 9 0 /zm. »»N P = N S =10 0 

1LT7^M^0, Po S /'Pop<l if-SClt^'SJ - **JS0*JT*tt. jft$)JM£. 1. =4 

tST***«, *BI:*f*o< »^tt^*#St S^m, N S =2 0 0M, l p =18 0 tf m. 

ni^RWTtt«tV». N D =5 0*tibfc„ lp>l.T?*0. N. >N P T 

[0 4 0 0]®*it«1.5Ol* 1. /lp =0. 2 SRtfNp /N. = 

*C ±B#**ti9WL,fe3Mif!K:-3HTl4Wr*. 0. 2 5.T*5. 

[0 4 0 1] 06 5 te#fS9i©Sfl 1 5jfcK0i|<Z)M£SBi [0 4 0 5] d©^, ttft^nPftOftTKttftCftS 

[0402] m& eitme 5<Dm^m^mmtLtzm [04oei m 6 6 anm 2 8 1 ^sotMowtt. « 

[0 4 0 3] fflWcElI«2 4 1IS3 6° YA 7 hX 50 d BT*^fct>©*«**16«»CJ:0 2 . OdBtftO. 



(20) 



ftfflW- 5 - 1 8 3 3 8 0 



37 

[0 4 0 7] *g|M0iJ©iI£. tt?iJS£&iStg§c7)*f 

&a*m7Jd*2 0%[fi]±L/io 

[0 4 0 8] Ut±0>*!i0!l©*£. 1 s =30fi mHT 
-CIU#TJft#§m$S#. I p =3 0 0 wmJ^±T{£JI$cffii| 

[0 4 0 9] JW±« BJ»JW(&«»i68t£T«\ 
4. 

[0410] mm&mm<Dmm&m.misi&m® 

[0 4 11] II J; ^Tfc. ±82**0!|(73»^t 

ra«ic, aa#«©at5fe£4>fc<T**. 

[0 4 12] 

[0 4 13] »*«2t56WfcJ:n«-. tt&B 1 OWB 

ictk^T, aaiiif««*ftr6i(E<-r*i:4:ft<, aa^ 

[0 4 14] Sf:j&H3©«lKfc:J:nK. i&jfcJS 1 C5^BJ 
icit-^T, 3iB#«1B*fiI6»<-r*c:t&<. a&# 

[0 4 15] tt*^4<0%BJ[cJ:n«, fi£*CDfc©IClt 

^t, aa#«nfti£E«*»je>ac:td«ui*, L^a 
[0416] g»*qi5©«Mfcj:n«. ffime>m%L&m 

^<T, aa^«4f£faS3|*i*5c:£&<, a&#ttftttl 
[0 4 17] »«l6oSBi:intf, fflf#3iicD3&9! 

[04i8] »*?i7©«KK«fcntf. mxmiomm 

[0 4 19] »*qS8Xtt9©56WC«tntf, 

[0 4 2 0] fjfjRJl 1 0, 11, 1 2C9fgBJ(C«tntf. 

[0 4 2 1] 3 75S1 7 ©SglJI|fc:J;ft«. ail 
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[0422] m^mi 8 7^S3 oo»wc«tntf. se* 

[0 4 2 3] »*JB 3 1M33 m?.m<Df£W\Z «fcn 
tf, fi£*©*>©iCit-<T. B8tt**fliEEft&tfail* 

10 3d£7j<£H*3o 

[mswffl^^ueBj] 

[12] *«**fflv»fc7-f;u^Hiio5ai*«jat«-r 
[0 3] -*^#»tt«iiis#sHB©*ifi£*©*HBis 

S& S. LR- © f a £ * T 0 T & -5 . 
[0 4] -SB^9Wt«S»*iBScD'f >tf-y>XR 

[0 5] #S«&*ifi#C;m*3#l4*Htt#S»©'f 
20 >5^>7»tt&tffn568«L,T&4H 1 ©7^^ 

[16] 042 ©fi£*©#tta?®& ? * ^ujBj-r-5 
[0 7] ^tgggfc-r >y9?>x*mmzttiiavtzi£-£ 

[0 8] -SiHf #*tt3S®i££;fg§§£tt?ijK n fl&tt L 

[0 9] afe5»Jtt*fiffi©aia4*ttoiBPfi(feSFtts^-r 

0Ta&4. 

30 [01 o] a?iM*sggcoaa#tt«^psfe#tt*^ 

T0T-&-5. 

[011] *9&W(D&&i&m%iy<{)l'5'V>f&imi&M(D 
(I1SS0TS-5. 

[012] 01 i©7-<;^©aaii#tt*s-rBiT* 
[013] tt.mm&M$$^cD-i>¥i>?>xttmc>%}3k 

[014] 0 1 1 C*tt«I»7^;^OiiS*Ol 

40 [01 5] 04 1*, XV-XV^{CtQo8fp®0-Cfe4. 

[016] *f6W®5|ltt*ffi»7^;U^OJB2*lg«* 
^T0T£-3„ 

[017] 01 6«7'^;i/^COail#tt^^T0T$> 
-5. 

[0i 8] &mm#mm<Dmn& ca p > l&pm&m 
mvmnm (a s ) ©it (Ap /A s ) ©it^csa*** 

[019] *mm^&i&m$L7 << )i$v>'mzmMmz 
*-r0TS>-5. 

50 [02 0] II 9©7^;^©Ii@#tt^*tIT*i 
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39 

So 

[02i] *&w<ow&&w$L7 4 )\s?<Dm4mmm& 
[12 2] 112 i v>y 4 )i?<nmi& ! &-&$:K-rm-e& 

[02 3] *RmV9Hlk*tmiiL7<tfr*<D9iS&M9l* 
[0 2 4 ] 0 2 3 © y 4 )15> ©Mi^tf £^T0T& 

*. 

[02 5] *^BJ05¥tt*SiS7^;i/^0^6||J£^]© 10 

[0 2 6] 02 5+. ft 1 0-jf(?#*tt*iB£SJ!« 
tkT0T-&3. 
[02 7] 02 5(7)7 ^;U^<7Dffij§fHH4£^T0T& 

[02 8] £St8§t£g{4gd= (n + /3) •A©/3t«t 

[0 2 9] 02 5<7)#ttS®»7^JI/^©«it$r-?-OiE 

[0 3 0] 0 2 5 *©J6 1 ©-*^#»tt*®jfc#g« 20 

[031] 0 2 5 + ©£§ 1 0-SB^3mt*B»*Sjg 
©S'JOfcJBfllSiiVtBl-C**. 

[03 2] *»wo»ttSffiiS7^;u^o*7*jfi«* 

[0 3 3] «SJ«J? (t) 0U7^4fiiMi9M 
£^T0T<&-5. 
[03 4] itJi|tt*a»©Slt*K«k«'Jy5 r ;l' 
(r P ) ^iS^j£«effi^^it<t^r©^S:^-r0T 

30 

[03 5] #«gS7^;i/*©ffliai#tt©l|J»tt#tt£ 

[0 3 6] if A«&RtfU y7)l5£±&We>mm&W®i 
©*»©iK***-r0T»-5. 
[03 7] *^BJ©#tt*BjS7^;i/^©S8SIJg0iJ© 

[03 8] 03 7©&«3g£igfllLfc#tt«®&:7^JI, 
& ©®>§#'i4 * *f 0T & £ „ 

[03 9] #32W©#teSffift:7*;^©SB8£!f50J© 
M! 1 ©-*^#*tt*jB»#S«©£ra«£jj*TBIT» 40 
-5. 

[04 0] 0 1 10*tt*ii*7^MO'f>^i'> 

[04 1] 01 i ©#ttS®ift7^;i/^©<>yi'^> 
[042] *«w©#tt*Hife7w;i/^©*i mmm 

©0S§0T-$.-5„ 
[04 3] 0 4 2©|5IgS^*Wt:Ufc*^^T0T& 

[04 4] fap <frp <h Lfc«t #©5|tt^®lS*ti§§© 50 
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[04 5] Af=frs-fap £^ blgi0$-y-Ac <h #© 

if ^ 7 ^ ;i/ ^ ©aii#e©^t ^ ifta^r -a 0t* „ 

[04 6] #tt*iBJR*ii«©»ttWSfe$|ttwr*BI 
[04 7] M?iJ»ERDtit?iJ)W©a-#tt^ffljS*Jigg©T 

k = ? >xsy:-r > tf-^>x©#tt^*-r0-c^-5c 

[04 8] bx«©J5&&ft#te£*-r0T&*. 
[04 9] 04 2©08§©-SB^L t C©^ffi[HlSST^ 
LAc0T*-5o 

[05 0] lbx„, I tA f /frs £©M«£?K-f0 

[05 1] k 2 tr £©IW&£;jVr0T$>-5. 
[05 2] *^HJ©#tt«®»7^;U^©^ 1 2HMI 
©0SS0T-$.-5. 
[05 3] 0 5 2©@JS*^ft:Ufc«j«S*rH'Tf* 

So 

[05 4] 05 3©3¥tt«®j£:7^U^©<HH±£7n-r0 

[05 5] 06 3©>-^;i^cK m^jfliJYp £M^£-t£ 
Jt*-&©4$tt £ *T 0T&3 . 

[05 6] 1 ffl^o©9W4*BB«[*S8g*»^S!ic Lfc 
¥ffiKra©|5|8&BlTfc*. 

[05 7] 0 5 6 <Dm&mmZg>m (nS) JCjgiggUT 
& £ 0 5S © 0 SS 0 T & -5 « 

[05 8] -^©4^0S§©^<h^©^#^^-r0 
T&-5o 

[05 9] J*teKME±©S££*-rHTa*. 

[06 0] n (>2) aK¥ttKiw*»«!-ra*ac*tii 
[06 1] *mmm<DW :: T-mm&<Dm!&j5mzmm-r2> 

[06 2] t¥*©#tt*®^7^;i/^©0^0T^-5o 
[063] *«M©#tt*®«7^;^©JRl 3*i6W. 
©0SS0T-&3o 

[064] ^-%m(D^m.mmy4)v^(Dmi 4$&m 

©0SS0T*>-5o 

[06 5] *^B|©fftfig7 /f j^o^ 1 5HSS0iJ 
©0S80T&3o 

[06 6] 0 6 5©®&£*#{fcLfc;»j&£7K-r0T& 

[06 7] 06 6O7^MO#tt*St0T*5. 
[06 8] 3fe5iJtttit5»JttlC*i6«jft»©aja:45|ltt* 
®feftSS*IB«b7 t c^SJ7^;Ui5'0g§Sr*-r0T^ 

[06 9] jfe?iJtt*S»©7H5^>^ (Yp ) ©Jlifc 

»#ttR^ia5>jw*ig»©-r>fcr-y>x (z s ) ©« 

«Sc#tt £*f « $ -B-T^-t0T'$. & . 

[0 7 0] ^*©#'tt^®^7^;U^© 10i]*^-r0T 
#3 5, 
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[117 1] EI 7 0G)7^;U^<Offljg!f$ttfr^-rElT* 

60, 90, 100, 110, 120, 130, 24 
0, 2 5 0, 2 6 0, 2 7 0, 2 8 0 #tt«7^ 

8 0, 1 5 0 #tt*Bi^7^;U^SS 

8 1 -t^S y Znv>T—¥ 

8 2 V*)],**-?? 

8 3 m 

84_,~85_ 6 
8 5 _,~ 8 5-s SS^ 
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8 6 -,~ 8 6-s ^>f4 >if7-f ^ 

124, 125 mttm 

1 2 7 Eihtt 

131, 201, 211 mmmm 

1 3 2, 1 3 3, 1 6 0, 1 6 1, 1 6 6, 1 6 7, 2 
02, 203, 212, 213, 242 £#t§§ 
220, 221, 230, 231 7-fi'D7hU77 

2 4 1 3 6' YA'^XEUSLiTaO, IS (f 7 
10 f) 

Rs, , Rs 2 ffi^&ilgg 
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